Kutki is an important Ayurvedic drug native to the Himalayan region, and its official source is Picrorhiza kurroa Royle ex Benth., belonging to the family Scrophulariaceae. The plant is a small, hairy perennial herb with creeping and woody rhizome and used in various Ayurvedic medicines. It is useful as a laxative, liverstimulant, galactogouge, and appetite-stimulant and is beneficial in bronchial asthma. Due to its high demand, the plant is often adulterated/substituted with the roots of Trayamana (Gentiana kurroo Royle), as one of the source of the Kutki. The present study has focused to establish the identity of Picrorhiza kurroa Royle ex Benth through microscopical investigations and comparison of the genuine drug with its substitute Gentiana kurroo Royle. Powder of the rhizomes of Picrorhiza kurroa Royle ex Benth. and roots of Gentiana kurroo Royle were subjected to microscopic characterization and physicochemical analysis, which would not only serve in the identification of both the drugs, but also contribute toward establishing pharmacopoeial standards.
INTRODUCTION
Kutki, botanically equated with Picrorhiza kurroa Royle ex Benth., is a small perennial herb growing in the hilly areas of the northwestern Himalayan region in India and ReSeARch ARticle 1 Assistant Director (Pharmacognosy), 2 Research Officer (Botany), 3 Senior Research Fellow (Pharmacognosy), 4 
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Research Officer (Botany), 5 Deputy Director General, 6 Director General [1] [2] [3] 5, 6 Central Council for Research in Ayurvedic Sciences, Ministry of AYUSH, Government of India, New Delhi, India Nepal, the flowering and fruiting occurs in the month of June to September. Regionally, Kutki is known as Katuka, Tikta, Katki, Kadu, Kutki, Karru, etc. [1] [2] [3] The rhizome of the plant is used in Ayurvedic system of medicine for treating primarily gastrointestinal problems and is useful as a laxative, liver-stimulant, appetitestimulant, febrifuge and is beneficial in bronchial asthma. 4, 5 The plant and its formulations are widely used in therapy of epidemic jaundice. Clinical studies have been carried out with the root powder of the plant in patients with viral hepatitis, with significant improvement in symptoms like anorexia, nausea and vomiting, hyperlipidemia, and as a diuretic. The bitter rhizomes of Picrorhiza kurroa Royle ex Benth have been used for thousands of years in India to treat people with indigestion and constipation due to insufficient digestive secretion. [6] [7] [8] [9] [10] [11] Main chemical constituents of Kutki are glycosides; picroside I, II, and III; picrorhizin; kutkoside; kurrin; kuthinol; kutkiol; kutkisterol; kutkoside; androsin; apocynin; drosin; and cucurbitacin. Apocynin is a catechol that has been shown to inhibit neutrophil oxidative burst in addition to being a powerful anti-inflammatory agent, while the cucurbitacins have been shown to be highly cytotoxic and possess antitumor effects. [12] [13] [14] Different botanical sources are used in the name of Kutki in different parts of the country. 5, 15, 16 To evaluate the botanical identity of genuine Kutki rhizomes and its comparison with substitute, the powder forms of both the drugs were subjected to microscopic characterization and physicochemical studies. The experiment has revealed a set of diagnostic characters JDRAS essential for its standardization. To the best of our knowledge, the study is the first study so far to ascertaining the comparable cytological diagnostic characters of Picrorhiza kurroa Royle ex Benth and Gentiana kurroo Royle.
MATERIALS AND METHODS

Plant Material
The authenticated samples of rhizomes of Picrorhiza kurroa Royle ex Benth. and roots of Gentiana kurroo Royle were supplied by Regional Ayurveda Research Institute, Itanagar, India, and authentication of the rhizomes and roots of both the drugs was done by the first author (AKM).
Macroscopic Evaluation
The macroscopic evaluation of both the plant samples was carried out according to standard procedures.
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Microscopic Evaluation
Free hand sections were taken, and dried roots and rhizome material was grinded in the electric grinder separately. About 2 gm (each) of rhizome powder of Picrorhiza kurroa Royle ex Benth. and root powder Gentiana kurroo Royle were warmed separately with chloral hydrate, washed and mounted in 50% glycerine, powder treated with iodine solution and mounted in 50% glycerine, and observed under trinoculor microscope (Olympus). The microscopical characters of both the drug powder were studied to establish its identity. Line drawing of the diagnostic cell structures was obtained by observing the powder drug with the help of Camera Lucida, and cell measurements were also carried out by using ocular micrometer.
Physicochemical Evaluation
The physicochemical parameters like ash value, acidinsoluble ash value, water-soluble extractive value, alcohol-soluble extractive value, and foreign matter were determined according to the procedures of the Ayurvedic Pharmacopoeia of India (API).
19
RESULTS AND DISCUSSION
Macroscopical Characters of Kutki
Picrorhiza kurroa Royle ex Benth. is a small, hairy perennial herb with creeping and woody rhizome, rooting at nodes. Rhizome is 2.5 to 6.0 cm long and 0.5 to 1.0 cm thick, subcylindrical, straight, externally grayish brown, rough surface, circular scars of roots, and bud scales attached. Odor is pleasant and tastes bitter.
Microscopy of Rhizome of Kutki
Diagrammatic sections of the rhizome consist of cork, cortex, endodermis, and pith in the center. Transverse section of the rhizomes showed 3 to 4 layers, thick-walled oval to polygonal cells of brown color cork; 20 to 24 layered cortex cells, thick and loosely arranged in definite radial rows; 5 to 7 ovate vascular bundles were present in between cortex and the pith. In the center, there was parenchymatous pith with pitted walls. Simple starch grains were found in the parenchyma of the cortex and the pith.
Powder Microscopy of Rhizome of Kutki
Microscopy of the powder showed cork cells in transversely cut mode and plenty of thick-walled parenchymatous cells with starch grains. Cortex cells were found circular to oval in shape and transverse reticulate vessels with oblique articulation, and trachieds were observed in the powder. Thick-walled aseptate lignified fibers were also observed. Starch grains and oil globules were present in large amount as shown in Figure 1 .
Macroscopical Characters of Trayamana
Gentiana kurroo Royle roots are dusky white or brownish, subcylindrical to quadrangular, entire or longitudinal split pieces of roots. The roots and rhizomes are longitudinally wrinkled and somewhat twisted. In dried specimen of rhizome portions, the wrinkles are more or less transverse. Fracture is short and brittle, and taste was sweet followed by bitter with aromatic odor.
Microscopy of Root of Trayamana
Diagrammatic section of the roots is subdivided into epidermal cells which are mainly for the absorption of liquids, hypodermis, cortex, and vascular cylinder. Transverse section of root showed brown bark separated by a darker cambium line from the porous and indistinctly radiate wood. The outermost periderm consists of about four to six layers of thin-walled cork cells, presence of tangentially elongated, polygonal to oval parenchyma cells. The phellogen is not distinguishable. The secondary cortex is composed of parenchyma cells containing calcium oxalate crystals and small oil globules. The phloem is composed of tangentially elongated parenchyma and numerous strands of sieve tubes. Cambium ring is distinct; xylem is broad and consists of long annular or scalariform tracheids arranged singly or in groups of about 40 µ in diameter; and reticulate and spiral xylem vessels in group were observed.
Powder Microscopy of Root of Trayamana
The powder is yellowish orange in color and shows fragments of elongated, polygonal to oval parenchyma cells. Vessels with annular and scalariform thickenings; cork cells in surface view; prismatic crystals of calcium oxalates, raphides, and oil globules were also observed. Presence of lignified reticulate to oval sclereids and aseptate lignified fibers and few simple to compound starch grains were found in the powder treated with chloral hydrate. Figure 2 illustrates the powder microscopy of Gentiana kurroo. The details of the comparative microscopical studies are presented in Table 1 .
Physicochemical Parameter
Comparative physicochemical values of root of Picrorhiza kurroa Royle ex Benth and rhizome of Gentiana kurroo Royle are mentioned and expressed as % w/w (n = 5), and the values forPicrorhiza kurroa Royle ex Benth are as within the prescribed limit as mentioned in the API. However, the official standards of Trayamana are not available in the official compendium to the best of our knowledge; therefore, the comparison with standards was not possible. Moreover, the study could serve to establish the pharmacopoeial standards of Trayaman. The details of the physicochemical parameters are presented in Table 2 .
JDRAS
CONCLUSION
Microscopy as well as various phamacognostic aspects of the rhizome sample were studied and described along with physicochemical parameters. These parameters will be useful in authentication and identifying the adulterants and quality control of raw drugs because Kutki is considered as one of the important drugs of Ayurveda, and different botanical sources are used in various parts of the country as Kutki. Trayaman is distinguished from Kutki by various diagnostic characters, such as absence of raphides and calcium oxalate crystals in Kutki. It has been concluded from this study that estimation of these parameters is highly essential for raw drugs or plant parts used for the preparation of Ayurvedic compound formulation. 
